1. Data are presented comprising the first quantitative survey of lice from Neotropical birds. The data were collected in the Andean foothills of south-eastern Peru using a novel scheme for quantitative sampling of ectoparasites from freshly killed hosts. 2. In total, 685 birds representing 127 species in 26 families were sampled for lice; 327 (47.7%) birds were parasitized, with a mean intensity of 6-6 lice per bird and a mean richness of 1.1 louse species per host species. 3. The bulk of variation in louse load was among host species nested within genera, although some variation occurred at higher taxonomic levels. 4. Lice were extremely host-specific; nearly all species were restricted to a single species of host (monoxenous). 5. Thirteen metapopulations of lice (10%) had significantly skewed sex ratios, of which four were skewed toward males, representing the first male-biased sex ratios reported for chewing lice. Thirty-four metapopulations (27%) had significantly skewed age ratios and showed an overall bias toward adults. 6. Results are discussed in relation to current life-history theory and are compared with the findings of a recent survey of lice from temperate-zone birds. Tropical lice are neither more speciose nor more abundant than temperate-zone lice, which is consistent with the view that the environment for chewing lice is delimited by the body of the host rather than by 'external' conditions. 7. Non-quantitative host-parasite records are reported for lice collected from an additional 75 birds representing 45 species in 20 families.
Introduction
of similar parasites on different host taxa; and (ii) comparison of different parasites on the same host. Host-parasite interactions are powerful arenas
In this paper, we perform both kinds of comfor ecological studies, particularly in the case of parisons using data on the relative abundance and life 'continuous' parasites that complete their entire life history of avian chewing lice (Insecta: Phthiraptera cycle on the host (Dogie1 1964). Because resources (formerly Mallophaga)). Firstly, we present original for continuous parasites are delimited chiefly by the data comprising the first quantitative survey of lice host, factors governing their ecology may be easier from Neotropical birds. Second, we compare the to identify than factors governing the ecology of richness, prevalence and intensity of lice recovered free-living organisms in more complicated environfrom a variety of host taxa. Third, we compare the ments (Price 1980) . Comparative studies of conhost specificity, number, sex ratio and age distritinuous parasites can help to identify such factors bution of the major suborders of chewing lice across (Holmes & Price 1986; Price 1990) . Two general all hosts. Finally, we compare our results with those comparative approaches are possible: (i) comparison of a recent quantitative survey of lice from temperatezone birds (Wheeler & Threlfall 1986 to transfer between parents and their offspring, or during other instances of direct contact. The life Comparative cycle requires 3-4 weeks and includes the egg ecology of bird (= nit), three nymphal instars and the adult stage lice (Marshall 1981a) . Eggs aIe glued to the feathers with a glandular cement, often in positions protected from preening, the primary defence of the host against lice (Waage 1979; Clayton 1991) . Avian chewing lice are divided into the suborders Ischnocera and Amblycera. Ischnocera feed exclusively on feathers and dermal debris, which they metabolize in the presence of symbiotic bacteria (Eichler et al. 1972; Marshall 1981a) . Ischnocera are morphologically specialized for locomotion on feathers and rarely if ever venture onto the skin of the host. In contrast, Amblycera are more agile and occur on the skin as well as the feathers and feed on both feathers and blood (Ash 1960; Marshall 1981a ). Amblycera are capable of abandoning a dying host and so may be less dependent than Ischnocera on direct contact between hosts for transmission.
Members of both suborders have the potential to reduce host fitness. Feather damage by lschnocera impairs the thermoregulatory ability and winter survival of wild hosts (Clayton 1989; Clayton, Booth & Block, unpublished) and reduces the ability of captive hosts to attract mates (Clayton 1990a ). Amblycera promote dermatitis and scratching and are responsible for serious reductions in the egg production of poultry (DeVaney 1976; Nelson et al. 1977) . Amblycera also serve as intermediate hosts for endoparasites (reviewed by Clayton 1990a).
Materials and methods
Data were collected between August and December 1985 at several localities in the Andean foothills of south-eastern Peru near Parque National del Manu (11°54'S, 71°18'W). Most of the collecting localities were situated in primary rain forest. Birds were collected by shooting or with mist nets; netted birds were killed humanely upon removal from the net. Freshly killed birds were placed in individual paper bags which were rolled shut to prevent ectoparasites from transferring between hosts. Each bird was later fumigated for at least 10min in a plastic chamber containing cotton soaked in ethyl acetate, which kills ectoparasites rapidly. Following fumigation, birds were 'quantitatively' or 'qualitatively' sampled for lice, as described below. All sampling was done by a single person (D.H.C.).
Two methods of quantitative sampling were used: feather agitation and visual examination. Most species were sampled by feather agitation, as follows. The host was removed from the fumigation chamber and suspended over a sheet of 28 x 38cm white paper. Its feathers were agitated vigorously for a period of 1min, with attention directed to all regions of the body (see Fig. 14.5 in Clayton 1991) . Lice falling onto the paper during agitation were located under a 2 x jeweller's headset and transferred to a vial of 70% ethyl alcohol with a fine-tipped brush. This procedure was repeated for two additional 1-min bouts. If no lice were recovered during the three bouts, no further attempt was made to sample lice from the host. If lice were recovered, additional 1-min bouts were conducted until the number of lice collected during a single bout was less than 5.0% of the total number recovered during the first three bouts. Thus, the decision to stop sampling a given host was based on the recovery rate from that host. This approach presumably gives a more accurate estimate of louse load than when hosts are sampled for an arbitrary period of time.
A second method of quantitative sampling was used in the case of extremely small birds (<25g) for which feather agitation was awkward. Members of the Trochilidae, Pipra spp., Tangara spp. and Stelgidopteryx ruJicollis were sampled by carefully examining their plumage for at least several minutes under the headset with illumination from a headlamp. Lice were removed from the plumage with forceps and transferred to a vial of 70% ethyl alcohol.
Some species of hosts were less carefully examined for lice, with no attempt being made to examine all of their feathers. Lice from these 'qualitatively' sampled species were collected mainly for taxonomic purposes.
Once sampled, hosts were prepared as museum specimens and deposited in the bird collection of the Field Museum of Natural History in Chicago (accession numbers 320356-324105). Lice were mounted on microslides, identified to the most specific taxon possible, sexed, aged and deposited in the insect collection of the Field Museum (accession card 2-17-561). No attempt was made to distinguish among unidentified lice. Host names follow Sibley & Monroe (1990) and the sequence of hosts follows Sibley & Ahlquist (1990) .
In this paper, 'load' is used in a generic sense encompassing three explicit measures of the abundance of lice among the members of a given host taxon. 'Richness' is the number of species of lice on a host taxon (unidentified lice were counted as an additional species, e.g. if a host had one identified species, as well as lice that could not be identified, it was given a richness score of 2). 'Prevalence' is the proportion of the members of a taxon infested with lice. 'Intensity' is the mean number of lice among the members of a host taxon, including uninfested individuals (analogous to 'relative abundance' of Margolis et al. (1982) ).
Host specificity -the range of host taxa infested by a given louse taxon -was scored on the basis of categories in Marshall (1981a) : 1, infesting a single host species (monoxenous); 2, infesting two or more congeneric host species (oligoxenous); 3, infesting two or more confamilial host genera (pleioxenous); or 4, infesting two or more host families (polyxenous). The lower the rank, the more specific the louse.
'Population' refers t o conspecific lice living on a 
Discussion
Although several broad, quantitative surveys o f bird lice have been conducted (Geist 1935; Ash 1960; Keirans 1967; McClure & Ratanaworabhan   Table 1 . Distribution of variancc in louse load among bird taxa. Tabulated values are percentages of total variance accounted for at successlvc taxonomic levels, estimated from nested ANOVAS performed on lousc richness, prevalence and intensity scores for 127 spcc~cs of birds (Appendix 1). This approach part~tioncd the total vanation in lousc load into components representing the taxonomic levels: species within genera, genera with~n famllics, families within orders, and orders within the class Avcs (after Harvey & Page1 1991) Among: Species Genera Families Orders Within: Genera Families Orders Class
Variance component:
Richness* ~r e v a l c n c c~ Intensity* Data were * logarithmically ( x + 1) or ' square-root transformed prior to analysis. Table 3 ).
taxonomic study, partly due to an acute shortage of The average richness, prevalence and intensity of specimens. It is likely that future revisions will reveal lice in the Wheeler & Threlfall survey were similar that many Neotropical taxa are less host-specific to our respective values (' Table 3 ), suggesting that than is implied by their current taxonomy (e.g. see lice on tropical birds are neither more speciose nor
Price & Clayton, in press). It is interesting to note, more abundant than lice on temperate birds. 'I'his in this regard, that Strigiphilus crucigerus, the only result is consistent with the view that the environspecies collected by us from more than one species ment for chewing lice is delimited by the body of the of host (Appendix I), is a member of one of the only host rather than by 'external' conditions. 'I'his view, recently revised genera of lice represented in this in turn, suggests that the high diversity of tropical survey (Clayton 1990b) . lice is chiefly due to the high diversity of tropical 'The overall proportion of male lice in our survey hosts (1)obzhansky 1950).
was similar to that reported by Wheeler 8( 'I'hrelfall 'I'he lice in our survey were more host-specific (Table 3) , who noted: 'Among adult lice females than those in the Wheeler & 'I'hrelfall survey both were more numerous than males in almost all at the level of genus and species ('l'able 3). 'The species.' Unfortunately, the authors did not report Margolis et al. 1982) . This second approach eliminates the possibility that some hosts have low intensities merely because they have not been exposed to lice. By controlling for exposure, this approach is more likely to reveal parameters o f the host itself which are responsible for the subordinal difference in intensity.
The different prevalences and intensities o f Ischnocera and Amblycera were related to the uneven distribution o f the two suborders with respect to host body size. Species o f hosts parasitized exclusively by lschnocera (n = 29) were large in size, compared to species parasitized exclusively by Amblycera (n = 27; Mann-Whitney U , z = -2.96, Comparative P = 0.003). Furthermore, the significant difference ecology of bird in the intensities of the two suborders was removed lice when the analysis was restricted to species of hosts infested with both suborders (n =25; z = -1.65, P = 0.10). Hence, the subordinal difference in intensity can be attributed to the fact that 'Amblyceraonly' taxa tended to be small-bodied, whereas 'Ischnocera-only' taxa tended to be large-bodied. We address the issue of host body size and louse load in more detail elselwhere (R.D. Gregory & D.H. Clayton, unpublished) . Ischnocera had more female-biased sex ratios (seven of eight cases), whereas Amblycera had more male-biased ratios (three of four cases). Femalebiased ratios should evolve in isolated populations subject to inbreeding and local mate competition, which arises when relatively few males are required to fertilize all of the females in a population (Hamilton 1967; Charnov 1982) . Under such conditions, the production of females is selectively favoured because eggs are more limited than sperm. Recent studies show that populations of lschnocera on different host individuals are genetically isolated (Nadler & Hafner 1989 , 1990 . Thus, ischnoceran populations appear to be excellent candidates for the evolution of female-biased sex ratios.
Female-biased ratios are not expected in populations where mating occurs more or less at random. Fisher (1930) argued that in such cases parents should invest equally in male and female offspring, with the result that sex ratios will be skewed in favour of the sex which is least expensive to produce. Most species of chewing lice have males which are only two-thirds are large as females, suggesting that the former may cost less to produce than the latter. If this assumption is correct, it would accord with the existence of male-biased sex ratios in more or less randomly mating populations of chewing lice. Random mating is more likely to be the case for Amblycera than Ischnocera, given the ability of the former to disperse more easily than the latter (see Introduction). This is a possible explanation for the male-biased metapopulations in our study, most of which were members of the Amblycera.
Additional quantitative data are required before the above hypothesis, and others, can be tested. Large samples of lice are needed to facilitate accurate estimation of life-history parameters. Smaller samples of lice from a wide variety of hosts are also required to enable taxonomists to conduct sorely needed revisions. Ecological studies of chewing lice are particularly sensitive to the mistakes of past taxonomists, who tended to classify lice on the basis of host classification, rather than on the basis of the lice themselves . Only through the concerted efforts of ecologists and taxonomists are we likely to achieve a better understanding of the population biology of chewing lice.
Appendix 1
Lice from quantitatively sampled birds 
